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Abstract 

Evidence from clinical trials repeatedly confirms the association of diabetes 
with heart failure, independent of hypertension, atherosclerosis, coronary 
artery disease and valvular heart disease. However, the importance of coex- 
istence of diabetes and heart failure is not universally recognized, despite 
the fact that it may significantly contribute to morbidity and mortality of the 
diabetic population. It seems that prevention of heart failure, early diagno- 
sis, and appropriate management could improve the outcome. Unfortunate- 
ly, the etiology of heart failure in diabetic patients is still to be elucidated. 
It is multifactorial in nature and several cellular, molecular and metabolic 
factors are implicated. Additionally, there are still no definite guidelines on 
either the diagnosis and treatment of heart failure in diabetic patients or on 
the therapy of diabetes in subjects with heart failure. This review focuses 
on the pathophysiology, diagnosis, and prevention of heart failure in the 
diabetic population as well as management of both comorbidities. 
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Introduction 

Heart failure (HF) is the most common cardiovascular complication 
of diabetes mellitus (DM) [1, 2]. This is not surprising since DM and HF 
share common pathogenetic factors (Figure 1). Heart dysfunction in the 
diabetic population may develop regardless of typical risk factors such 
as hypertension and coronary artery disease [3]. The increased incidence 
of heart failure in diabetic subjects is supported by results of numerous 
epidemiological studies that indicate the strong association between 
DM and HF. These observations are further supported by evidence from 
experimental studies showing structural and functional dysfunction of 
diabetic myocardium [4]. Certainly, comorbidities accelerate the likeli- 
hood of developing cardiac dysfunction in diabetes, but it is still to be 
elucidated why diabetic patients are at increased risk of HF. The cause of 
HF in diabetes is certainly multifactorial in nature, but hyperglycemia and 
insulin resistance seem to be the core factors. Furthermore, the results 
of some studies suggest that an increased risk of HF may be associated 
with specific therapies, such as insulin [5], sulfonylurea (SU), gliptins or 
glitazones [6]. However, the effects of drugs should be assessed with 
extreme caution, since diabetic patients often receive multiple therapies 
simultaneously or over time. 
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Figure 1. Pathophysiology of HF in diabetic patients 

AGE - advanced glycation end-products, RAS - renin angiotensin system 



In this review, we discuss the evidence regard- 
ing the coexistence of heart failure and diabetes, 
along with its pathophysiology and management. 

We searched using electronic databases 
(PUBMED/MEDLINE (1966 - December 2012), 
EMBASE and SCOPUS (1965 - December 2012)). 
Additionally, retrospective studies, as well as small 
studies with the number of patients below 100, 
and animal studies were also included. The main 
data search terms were: diabetes mellitus, HE 
diabetic cardiomyopathy, clinical studies, clinical 
trials, metabolic disturbances, myocardial fibrosis, 
small vessel pathology, cardiac autonomic neurop- 
athy, myocardial dysfunction in diabetes, myocar- 
dial dysfunction in diabetic animals. 

Incidence of heart failure in the diabetic 
population 

The results of the Framingham Heart Study 
showed that the frequency of HF was twice as 
high in diabetic men and five times higher in di- 
abetic women compared with control subjects; 
however, not much is known about the cause of 
this disparity [7]. This association was indepen- 
dent of age, hypertension, obesity, coronary artery 
disease (CAD) and hyperlipidemia. Similar results 
were also seen in other studies after correction 
for confounding variables [5, 8]. Analysis of data 
from 9,591 type 2 DM (T2DM) patients registered 
in the Kaiser Permanente Northwest Division re- 
vealed HF in 11.8% of diabetic subjects at base- 
line, with an additional 7.7% of patients develop- 
ing HF during a 30-month period of observation 
[5]. Hamby et ai found that diabetes was present 
in 22% of patients with idiopathic cardiomyopa- 



thy compared to 1 1% in the control group [9]. Lind 
et ai analyzed data of 20 985 patients with type 
1 DM (T1DM) without concomitant HF registered in 
the national Swedish registry. The hazard ratio for 
development of HF was 3.98 in patients with gly- 
cated haemoglobin (HbAj > 10.5% compared to 
the reference group of patients with HbA lc < 6.5% 
even after adjustment for age, sex, duration of dia- 
betes, cardiovascular risk factors, and other comor- 
bidities. Risk of HF increased with age and duration 
of diabetes [10]. In this group of patients a high 
level of high-density lipoprotein (HDL) cholesterol 
was associated with lower risk of HE but there was 
no association with low-density lipoprotein (LDL) 
cholesterol. Bertoni et ai also reported a link be- 
tween idiopathic cardiomyopathy and diabetes [8]. 
The prevalence of diabetes in the general popula- 
tion ranges from 4% to 6%. However, diabetes was 
overrepresented in HF trials such as SOLVD (Studies 
of Left Ventricular Dysfunction; 26%) [11], ATLAS 
(Assessment Trial of Lisinopril And Survival; 19%) 
[12] and V-HeFT II (Vasodilator-HF Trial II; 20%) [13]. 

In an interesting study Maru et ai analyzed 
the effects of antidiabetic drugs on the risk of HF 
in 25 690 patients newly diagnosed with T2DM 
[14]. The patients were stratified according to the 
duration and type of treatment. After a mean fol- 
low-up of 2.5 years, 1409 patients developed HE 
most frequently in SU monotherapy. However, af- 
ter adjustment for duration of diabetes, the timing 
and order of therapies received, as well as known 
risk factors for HF, there was no statistical differ- 
ence between treatments. Maru et ai revealed 
that the use of any pharmacological therapy for 
T2DM was associated with a 4.75-fold increased 
risk of HF, but this risk did not persist beyond the 
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first year after diagnosis of diabetes and did not 
differ among the types of examined drug thera- 
pies. This suggests that the degree of metabolic 
disturbances, duration of undiagnosed diabetes, 
and the need for drug therapy, but not the therapy 
itself, may all accelerate the development of HF in 
T2DM patients. 

Functional changes in the diabetic heart 
as an indicator of heart failure 

Functional changes occurring in diabetic pa- 
tients typically involve the impaired diastolic func- 
tion of the heart, that may precede the systolic 
dysfunction [15]. However, diastolic dysfunction is 
not pathognomonic for HF in diabetes [16]. It is 
estimated that in nearly half of all HF cases, re- 
gardless of the presence of diabetes, diastolic dys- 
function is present along with normal or near-nor- 
mal left ventricular ejection fraction. Changes in 
diastolic function were reported in diabetic pa- 
tients independent of hypertension, coronary ar- 
tery disease, or any other known cardiac disease, 
before they were clinically apparent [17]. The left 
ventricular (LV) ejection time is often reduced, but 
the pre-ejection period and the ratio of pre-ejec- 
tion period to LV ejection time are often increased 
[18]. Carugo et al. found increased LV wall thick- 
ness and LV mass index, as well as an age-relat- 
ed decline in ejection fraction, and an age-related 
increase in diastolic diameter [19]. The left ven- 
tricular mass was 10% greater in woman with di- 
abetes compared to nondiabetics. Left ventricular 
hypertrophy was observed in 32% of normoten- 
sive T2DM patients without known CAD not tak- 
ing ACE inhibitors [20]. Studies in well-controlled 
T2DM subjects revealed a prevalence of diastolic 
dysfunction of up to 30% of patients [21]. The use 
of new Doppler techniques indicated prevalence 
of diastolic dysfunction in up to 60% of patients 
with Tl and T2DM without CAD [22, 23]. Results 
of several studies suggest that patients with 
T2DM are more likely to have diastolic dysfunction 
than T1DM patients. However, diastolic dysfunc- 
tion was not observed in all studies, especially in 
younger patients with T1DM. 

There is also a significant association of dilat- 
ed cardiomyopathy with DM [24]. The use of new 
echocardiographic techniques revealed that sys- 
tolic dysfunction is also present in a substantial 
number of diabetic patients. Changes typical for 
systolic dysfunction may indicate an increased 
risk for the development of HF particularly in the 
presence of coexisting hypertension [25, 26]. 

In the Strong Heart Study, the severity of dia- 
stolic dysfunction correlated with HbA lc level [27]. 
The most likely cause of diastolic dysfunction is 
advanced glycation end-product (AGE)-induced 
formation of reactive oxygen species (ROS), lead- 



ing to deposition of collagen in myocardium, fibro- 
sis and insulin resistance syndrome leading to left 
ventricular hypertrophy [27, 28]. 

Pathophysiology of heart failure in diabetic 
patients 

Several hypotheses have been proposed to ex- 
plain the mechanisms responsible for decreased 
myocardial contractility in the diabetic population. 
These include metabolic disturbances, accumula- 
tion of AGE, myocardial fibrosis, small vessel dis- 
ease, impaired calcium homeostasis, autonomic 
neuropathy and insulin resistance (Figure 1). 

Metabolic disturbances 

In diabetes metabolic changes are triggered 
by hyperglycemia [29]. In normal conditions, the 
myocytes use free fatty acids (FFA) as a primary 
source of energy during aerobic exercise. During 
ischemia or increased work glycolysis and pyru- 
vate oxidation become increasingly important. 
Positron emission tomography studies in T1DM 
patients revealed increased myocardial FFA use 
and reduced glucose oxidation [30]. Altered me- 
tabolism in these patients was associated with 
increased myocardial oxygen consumption and 
increased concentrations of FFA in serum. In dia- 
betic patients, the major factors limiting glucose 
utilization are the slow rate of glucose transport 
into the myocardium probably associated with 
depletion of glucose transporters (GLUT) 1 and 4 
and the inhibitory effect of FA oxidation on pyru- 
vate dehydrogenase complex [31]. In diabetes, an 
increase in adipose tissue lipolysis and hydrolysis 
of myocardial triglyceride stores is responsible for 
elevated circulating levels of FFA [18]. Metabolism 
of high levels of FFA requires high oxygen con- 
sumption and leads to intracellular accumulation 
of toxic intermediates, which may negatively in- 
fluence myocardial performance through reduced 
availability of ATP [32]. 

Oxidative stress 

Although no theory is completely accepted as 
a single cause of HF in diabetic patients, it is re- 
garded that reactive oxide species (ROS) generat- 
ed in vivo may play an important role in myocardial 
damage [33, 34]. In diabetic patients, poor glyce- 
mic control leads to chronic hyperglycemia. The 
oxidation of elevated levels of glucose within the 
cell stimulates production of ROS and increases 
oxidative stress [33]. Increased generation of ROS 
such as superoxide, hydrogen peroxide and hy- 
droxyl radical is the cause of oxidation and mod- 
ification of structure of cellular proteins, nucleic 
acids, and membrane lipids. Higher levels of per- 
oxynitrate were found by Al-Nimer et al. in biolog- 
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ical fluids of T2DM patients compared to healthy 
subjects [35]. Damage of the cellular structure and 
impairment of its function leads to cell necrosis 
and activation of genes involved in cell damage 
[36]. Increased ROS-mediated cell death may pro- 
mote cardiac remodeling, which may contribute 
to the morphological and functional abnormal- 
ities of the heart in diabetic patients. Increased 
ROS content may lead to cardiac dysfunction via 
mechanisms other than cellular injury. In diabetic 
patients increased oxidative stress may be associ- 
ated not only with overproduction of ROS, but also 
with a significant decrease in the effectiveness of 
antioxidant defenses or both. Insufficient anti-ox- 
idative cellular mechanisms may also be involved 
in cardiac damage. Its seems that the activity of 
cellular antioxidants such as the enzymes super- 
oxide dismutase (SOD), catalase (CAT), and glu- 
tathione peroxidase (GPX) may be crucial to this 
process. Kasznicki et al. demonstrated decreased 
activity of primary antioxidant enzymes such as 
catalase, superoxide dismutase and glutathione 
peroxidase in peripheral blood of T2DM patients 
with coexisting distal symmetric polyneuropathy 
(DSPN) [37]. 

Endothelial dysfunction 

Endothelial dysfunction occurs in coronary 
vessels of diabetic patients and may lead to im- 
paired blood flow. It was observed that in diabetic 
patients the endothelium-dependent dilatation of 
the epicardial coronary arteries is impaired [38]. 
Kasznicki et al. found that chronic high glucose 
concentration induced the decrease of plasma ni- 
tric oxide (NO) level in diabetic patients [37]. It was 
reported that hyperglycemia resulted in down-reg- 
ulation of endothelial nitric oxide synthase (eNOS) 
expression and NO production in cultured human 
coronary endothelial cells [39]. Endothelial NO, 
along with prostacyclin 12 (PGI2), is the main va- 
sodilator and the most important factor involved 
in the function of blood vessels. Endothelial dys- 
function is characterized by low bioavailability of 
endothelium-derived NO. It seems that reduced 
antioxidative defense in diabetic patients is as- 
sociated with increased vascular oxidative stress 
through decreased NO bioavailability. The NO 
is inactivated by the superoxide radical and the 
peroxynitrite anion, which can cause endothelial 
damage. Moreover, free radicals, especially super- 
oxide anion, may react with endothelium-derived 
nitric oxide (NO) and can inhibit eNOS. This inter- 
action is one of the most important mechanisms 
involved in the endothelial dysfunction in diabetic 
patients [40]. The ROS have been reported to con- 
tribute to impairment of endothelium-dependent 
vascular relaxation by the inactivation of NO, and 
generally to the vascular dysfunction resulting in 



accelerated atherosclerosis in diabetic patients. 
It is suggested that increased production of ROS, 
induced by hyperglycemia, is involved in cardiac 
tissue remodeling via activation of metallopro- 
teinase 9, which in turn leads to attenuation of sar- 
co-endoplasmic reticulum-calcium ATPase 2 and 
alters expression of miRNA [41]. Alterations in 
miRNAs may lead to altered contractility of myo- 
cardium. 

Accumulation of advanced glycation 
end-products 

Hyperglycemia leads to glycation of numerous 
macromolecules. Advanced glycation end-prod- 
ucts (AGE) accumulate in tissues and may cause 
morphological changes in the heart. Accumulation 
of AGE results not only in decreased elasticity of 
the vessel walls but also in myocardial dysfunc- 
tion. Berg et al. reported that in diabetic patients, 
prolongation of isovolumic relaxation time cor- 
relates with serum levels of AGE even after adjust- 
ment for age, diabetes duration, renal function, 
blood pressure and autonomic function [42]. 

Impaired calcium homeostasis 

Intracellular calcium (Ca 2+ ) is a major regulator 
of cardiac contractility and disturbances in its ho- 
meostasis may contribute to alteration of cardiac 
performance. It is believed that diminished activ- 
ity of ATPases [43], decreased ability of the sarco- 
plasmic reticulum to take up calcium, and reduced 
activities of Na + -Ca 2+ and Ca 2+ ATPase may all con- 
tribute to this effect [43, 44]. It was observed that 
in diabetes reduced activity of the sarcoplasmic 
reticular calcium pump, and diminished rate of 
Ca 2+ removal from the cytoplasm in diastole, may 
be responsible for diastolic dysfunction [45]. 

Myocardial fibrosis 

The results of numerous studies have revealed 
not only structural but also functional changes of 
the diabetic heart, which may play a role in de- 
terioration of cardiac performance [18, 46]. The 
most typical finding in diabetic patients is fibrosis, 
which may be both perivascular and interstitial. 
Hyperglycemia may cause abnormal gene expres- 
sion and alteration of signal transduction, which 
may activate the pathways leading to apopto- 
sis [18]. Hyperglycemia may also directly induce 
necrosis of myocytes, which results in increased 
deposition of collagen [47]. Myocardial fibrosis 
was confirmed in autopsy studies. 

Small vessel disease 

Alterations of the small vessels' structure and 
function may also lead to HF in diabetic patients. 
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Compared to the control subjects, in diabetic pa- 
tients thickening of the capillary basement mem- 
brane and interstitial fibrosis was significantly 
greater on biopsy [48]. This observation suggests 
that in this group of patients changes in capillaries 
may lead to myocardial injury and interstitial fibro- 
sis. The results of an autopsy study revealed endo- 
thelial and subendothelial proliferation with fibro- 
sis in small coronary arteries in diabetic patients 
[48]. However, it seems that pathological changes 
in capillaries alone may not be responsible for the 
development of myocardial dysfunction. 

Cardiac autonomic neuropathy 

Cardiac autonomic neuropathy (CAN) is asso- 
ciated with an increased cardiovascular risk in di- 
abetes and may contribute to impaired diastolic 
function. The CAN is a frequent complication of 
both T1DM and T2DM, and is present in nearly 
all diabetic patients with LV diastolic dysfunction. 
The CAN may contribute to the development of H 
since significant reductions in coronary blood flow 
and reserve were observed in diabetic patients 
with CAN [18]. In diabetics CAN is responsible for 
an impaired vasodilator response of coronary ves- 
sels [49]. In T1DM patients diastolic filling abnor- 
malities were most pronounced in those with CAN 
and correlated with its severity [50]. Abnormal re- 
sponse to exercise correlates with impairment of 
cardiac sympathetic innervations [51]. 

Mustonen et at. reported that an abnormal 
sympathetic innervation of the heart may be re- 
sponsible for alterations in LV filling [52]. In T2DM 
patients both systolic and diastolic dysfunction 
was related to altered sympathetic function [53]. 
Several studies also show an association between 
parasympathetic and cardiac dysfunction with de- 
creased mean heart rate variation [54]. 

Screening for heart failure in diabetic 
patients 

Screening for HF may help to prevent its pro- 
gression and reduce mortality in diabetic patients. 
In everyday practice echocardiogram with Doppler 
examinations is the most sensitive method to di- 
agnose HF [7, 8]. However, considering the costs 
of this examination in the diabetic population, 
one should consider a simpler and less expensive 
screening test. Bell suggests estimation of micro- 
albuminuria as an adequate prescreeningtest [55]. 
The results of the Strong Heart Study showed that 
the degree of diastolic dysfunction was proportion- 
al to the level of microalbuminuria, even after ad- 
justing for age, sex, body mass index (BMI), systolic 
blood pressure, duration of diabetes, left ventricular 
mass, and presence of CAD [56]. Additionally, the 
results of the Heart Outcomes Prevention Evalua- 



tion (HOPE) study indicate that microalbuminuria is 
associated with significant risk for congestive heart 
failure (CHF) [57]. That is why it seems reasonable 
to perform echocardiographic screening for HF in 
diabetic subjects with microalbuminuria. Identifi- 
cation of functional changes should result in the 
initiation of treatment in order to slow down the 
progression to congestive HF and reduce mortality. 

In the overt HF in the diabetic population symp- 
toms do not differ from those in nondiabetics, and 
the diagnosis of HF and its staging are typical. 

Therapeutic implications of heart failure 
in the diabetic population 

Currently, no specific therapeutic strategies are 
recommended for treatment of HF in the diabet- 
ic population. It seems that management of tra- 
ditional risk cardiovascular factors and lifestyle 
modification together with typical pharmacother- 
apy for diabetes and HF should be instituted. 

Glycemic control 

It seems that control of glycemia is the most 
important strategy for preventing the develop- 
ment of HF, but none of the antidiabetic drugs is 
proved to be more effective in patients with dia- 
betes coexisting with HF [18]. Poor glycemic con- 
trol is associated with an 11% increase in cardio- 
vascular mortality for every 1% increase in HbA lc 
[58]. Poorer glycemic control is also responsible for 
an increased risk of HF. The data from the DCCT/ 
EDIC study, as well as prolonged phases of UKPDS 
and STENO-2, indicate that intensive glucose con- 
trol does reduce stroke, microvascular outcomes, 
death, and nearly all diabetic cardiovascular end- 
points [59, 60]. Unfortunately, there are not much 
data to support the theory that improved glycemic 
control would reduce the risk of HF. 

Lind et ai assessed the relationship between 
glycemic control and HF in 83 021 patients with 
T2DM. The patients registered in the Swedish Na- 
tional Register between 1998 and 2003 were fol- 
lowed until hospitalization for HF, death or study 
termination. After adjusting for known risk factors 
for HF the hazard ratio for each percentage unit 
higher HbA lc for HF hospitalization was 1.12. This 
indicates that poor glycemic control estimated as 
HbA lc > 7% is associated with an increased risk 
for hospitalization for HF in T2DM patients [61]. 
However, the meta-analysis of data from over 
20 000 T2DM patients randomized into the Ac- 
tion to Control Cardiovascular Risk in Diabetes 
(ACCORD), Action in Diabetes and Vascular Dis- 
ease (ADVANCE), Veterans Affairs Diabetes Trial 
(VADT) and UK Prospective Diabetes Study (UK- 
PDS) trials failed to reveal any positive effect of 
intensive therapy in preventing HF. 
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The analysis of 8890 diabetic patients from 
the GoDarts study indicated that poor glycemic 
control was associated with an increased risk of 
HF. The odds ratio of developing chronic HF with 
a mean HbA lc > 6.9% was 2.26 (p < 0.01). Surpris- 
ingly, intensive glycemic control (HbA lc < 6%) also 
appeared to increase the risk for chronic HF (OR 
2.48, p < 0.01). 

The meta-analysis of Castagno et ai compared 
intensive vs. less intensive strategies of glucose 
lowering that reported HF events [62]. 37 229 pa- 
tients were included in the analysis. They noted 
that the risk of HF-related events did not differ 
significantly between intensive glycemic control 
and standard treatment. These findings indicate 
no direct association between hyperglycemia and 
HF. Additionally, intensive glycemic control with 
thiazolidinediones (TZD) significantly increased 
HF risk. Weight gain and fluid retention were seen 
during TZD therapy both in monotherapy as well 
as coadministered with sulfonylurea and met- 
formin. When added to insulin, weight gain was 
even more dramatic. The weight gain associated 
with TZD is probably caused by several interacting 
factors, such as a reduction in renal excretion of 
sodium and an increase in sodium and free wa- 
ter retention [63]. Increased sympathetic nervous 
system activity, altered interstitial ion transport, 
alterations in endothelial permeability, and per- 
oxisome proliferator-activated receptor-y-medi- 
ated expression of vascular permeability growth 
factor may all be implicated in this side effect [63]. 
Additionally, the results of the University Group 
Diabetes Program (UGDP) suggest increased car- 
diovascular mortality with the sulfonylurea deriv- 
ative tolbutamide [64]. 

Dungan et ai conducted a study to assess the 
effect of glycemic control and glycemic variability 
on mortality of patients hospitalized with con- 
gestive HF. In this study glycemic liability index, 
indicating increased glycemic variability, was as- 
sociated with higher mortality, independent of hy- 
poglycemia [65]. This study indicates that further 
trials are needed to assess the benefit from inter- 
ventions aimed not only at glucose level but also 
at glycemic variability. 

Metformin seems to be the only drug that has 
decreased cardiovascular events in T2DM subjects 
independently of glycemic control, but it is still 
contraindicated in T2DM patients with coexisting 
HF [60]. The results of several trials indicate that 
metformin is not only well tolerated by patients 
with diabetes and HF but also reduces mortality 
in this population [66, 67]. Metformin theoreti- 
cally may increase the risk of lactic acidosis, but 
there are no clinical data to support this theory. 
Moreover, the results of numerous trials indicate 
that there are no significant differences in the 



incidence of lactic acidosis in patients with dia- 
betes and HF treated with metformin or placebo 
[68, 69]. Based on those results the Food and Drug 
Administration (FDA) decided to withdraw HF as 
a contraindication to metformin. It is now possible 
to use metformin in patients with diabetes and 
HF with careful monitoring of therapy. The obser- 
vation from UKPDS indicating increased mortality 
in diabetic patients treated concomitantly with 
metformin and sulphonylurea derivatives was not 
confirmed by other investigators. It is considered 
that metformin may be safely used with sulphony- 
lurea derivatives. Moreover, none of the sulphony- 
lurea derivatives registered in Poland is contrain- 
dicated in HF. Also insulin is not contraindicated in 
HF. Theoretically, insulin may increase the severity 
of HF due to water retention associated with its 
use. However, it has never been confirmed in clin- 
ical trials. Additionally, the results of the UKPDS 
study indicate that insulin did not increase the fre- 
quency of HF in the diabetic population [70]. 

There is limited information considering the 
influence of GLP-1 receptor agonists and DPP-IV 
inhibitors of heart performance in the diabet- 
ic population. The data from phase IV trials give 
contradictory results concerning left ventricular 
ejection fraction in subjects treated with GLP-1 
agonists. 

Therapy of heart failure in diabetic patients 

None of the drugs routinely used in the therapy 
of HF is contraindicated in the diabetic population. 
There are no specific therapeutic strategies for the 
therapy of HF in the diabetic population. Howev- 
er, considering the central role of the renin-angio- 
tensin system in the development of HF it seems 
that drugs targeting this system should always be 
used for this indication (Table I). 

The renin-angiotensin system 

The rale of activation of the renin-angiotensin 
system (RAS) in the development of heart failure is 
well recognized [43, 44]. In diabetes activation of 
RAS occurs despite minimal changes in myocardial 
loading [71]. The activation of RAS leadsto myocar- 
dial remodeling, as it is associated with increased 
oxidative damage, cardiomyocyte hypertrophy and 
apoptosis [71]. Angiotensin II and aldosterone may 
induce cardiac fibrosis [69]. These observations 
suggest that the initial therapy should be start- 
ed with ACE inhibitors. These drugs decrease left 
ventricular hypertrophy and myocardial fibrosis, 
prevent myocardial remodeling, improve endothe- 
lial function, and diminish insulin resistance [72]. 
In diabetes, inhibition of angiotensin II production 
may delay fibrosis of myocardium and functional 
and structural changes in small vessels [18]. The 
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Table I. Evidence-based therapies used in heart failure [79] 



Drugs 


Target A /Usual s daily dose [mg] 


Clinical trial 


ACE inhibitor*: 


Captopril 


50t.i.d A 


SAVE (captopril) 


Enalapril 


10-20 b.i.d. A 


CONSENSUS, SOLVD (enalapril) 


Lisinopril 


20-35 o.d. A 


ATLAS (lisinopril) 


Ramipril 


5 b.i.d. A 


AIRE (ramipril) 


Trandolapril 


4 o.d. A 


TRACE (trandolapril) 


ARB*: 


Candesartan 


32 o.d. A 


CHARM (candesartan) 


Valsartan 


160 b.i.d. A 


Val-HeFT, VALIANT (valsartan) 


Losartan 


150 o.d. A 


HEAAL (losartan) 


P-Blockers*: 


Bisoprolol 


10 o.d. A 


CI BIS II (bisoprolol) 


Carvedilol 


25-50 b.i.d. A 


COPERNICUS (carvedilol) 


Metoprolol succinate 


200 o.d. A 


MERIT-HF (metoprolol succinate) 


Nebivolol 


10 o.d. A 


SENIORS (nebivolol) 


MRA*: 


Spironolactone 


25-50 o.d. A 


RALES (spironolactone) 


Eplerenone 


50 o.d. A 


EMPHASIS-HE EPHESUS (eplerenone) 


H-ISDN 


40 mg/75 mg t.i.d A 


V-HeFT-l, V-HeFT-ll, A-HeFT 
(hydralazine and isosorbide dinitrate) 


Diuretics* 




The effects of diuretics on mortality and morbidity 
were not studied in HF 


Loop diuretics: 






Furosemide 


40-240 usually o.d. or b.i.d. 5 




Torasemide 


10-20 usually o.d. 5 




Bumetanide 


1-5 usually o.d. s 




Thiazides: 






Hydrochlorothiazide 


12.5-100 o.d. $ 




Indapamide 


2.5-5.0 o.d. 5 




Ivabradine 


7.5 b.i.d. A 


SHIFT, BEAUTIFUL (ivabradine) 


Digoxin 


100-500 ugo.d. 5 


DIG (digoxin) 



"Disease-modifying drugs, "recommended for patients with signs and symptoms of congestion irrespective of ejection fraction, ^target 
dose, s usual dose, ACE inhibitor - angiotensin-converting enzyme inhibitor, ARB- angiotensin receptor blocker, MRA - mineralocorticoid 
receptor antagonist, H-ISDN - hydralazine and isosorbide dinitrate 



ACE inhibitors reduce cardiovascular disease in 
diabetic patients, especially in those with hyper- 
tension [73]. The therapeutic efficacy of ACE in- 
hibitors (captopril, enalapril, lisinopril, trandolapril, 
ramipril, perindopril) in HF has been proved in both 
diabetic and non-diabetic populations. The results 
of the MICRO-HOPE study revealed significant re- 
duction of the incidence of HF in diabetic patients 



treated with ramipril [74]. In the EUROPA trial dia- 
betic patients treated with perindopril showed an 
impressive reduction in the rate of hospitalization 
due to HF [75]. In the ATLAS trial long-term high- 
dose lisinopril was effective and well tolerated in 
high-risk patients, including those with diabetes 
mellitus [76]. The leading rale of ACE inhibitors in 
the therapy of HF in the diabetic population is a re- 
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suit of their cardioprotective action. The ACE inhib- 
itors reduce blood pressure, pre- and afterload and 
vascular resistance. It is also postulated that ACE 
inhibitors may positively influence glucose and lip- 
id metabolism [40, 77]. 

It seems that angiotensin receptor blockers 
(ARB) may exert similar effects on the diabetic 
heart as ACE inhibitors. The ARB such as cande- 
sartan, losartan, or valsartan may also be used in 
diabetic patients with HE especially in subjects in 
whom ACE inhibitors are contraindicated. The ARB 
reduce the rate of hospitalization, mortality and 
morbidity in patients with HE both with or with- 
out diabetes [78-81]. 

Calcium channel blockers 

The intracellular retention of calcium in myo- 
cytes of diabetic patients is associated with car- 
diac dysfunction. Theoretically, calcium channel 
blockers may reverse intracellular calcium distur- 
bances and prevent myocardial changes induced 
by diabetes. Unfortunately, data on the use of cal- 
cium channel blockers in the treatment of early 
stages of HF in diabetic patients are scarce. Most 
clinical trials were performed in the last decades 
of the twentieth century and these drugs are not 
routinely used for this indication. 

Other drugs 

P-Blockers, such as bisoprolol, carvedilol, nebiv- 
olol and metoprolol, may be safely used in the 
therapy of HF in the diabetic population [82]. Their 
efficacy in HF has been proved in numerous clini- 
cal trials. Therapy with p-blockers results in inhibi- 
tion of the RAS system and reduction of vasopres- 
sin and natriuretic peptides release. However, one 
should also remember that p-blockers may mask 
the symptoms of hypoglycemia, increase insulin 
resistance and negatively influence lipid profile. 

Data on the efficacy of diuretics in the diabetic 
population are scarce. It seems there are no im- 
portant differences in this respect between differ- 
ent classes of diuretics. However, as in the nondi- 
abetic population, mineralocorticoid antagonists 
such as spironolactone and eplerenone should 
always be used. Similarly to p-blockers, thiazide 
diuretics may increase insulin resistance and gly- 
cemia, as well as negatively influencing lipid pro- 
file. Due to their diabetogenic potential, it seems 
reasonable to avoid concomitant therapy with thi- 
azide diuretics and p-blockers. 

There are insufficient data to estimate the ef- 
ficacy of digoxin, hydralazine, nitrates, ivabradine 
and potassium supplementation as well as the 
role of physical activity in the therapy of HF in the 
diabetic population [83, 84]. It seems that these 
drugs may be safely given to diabetic patients 



when used according to indications [85]. One also 
has to remember that in patients in whom symp- 
toms of HF may be related to ischemia complete 
revascularization can further improve HF. 

Conclusions 

The occurrence of HF in diabetic patients is re- 
sponsible for increased mortality in this popula- 
tion. However, although the evidence of increased 
incidence of HF in diabetes is strongly supported 
by the results of numerous clinical trials, its patho- 
physiology still remains to be fully elucidated. 
Metabolic disturbances, interstitial fibrosis, car- 
diomyocyte loss, small vessel disease, and cardiac 
autonomic neuropathy are incriminated. It seems 
crucial to actively screen for patients at risk and 
institute appropriate therapy as soon as possible. 
The multifactorial nature of cardiac dysfunction in 
diabetic patients indicates that various strategies 
might be effective for preventing or delaying the 
development of HF and its complications. Present- 
ly, tight glycemic control and use of ACE inhibitors 
seem to be basic therapeutic strategies. 
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